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THEDEVELOPMENTANDQUALIFICATIONTESTINGOFA LIGHTWEIGHTNET

COUCHANDRESTRAINTSYSTEMFORUSEIN THEMERCURYSPACE_

SUMMARY

To provide a weight and volume savings for long-duration Mercury
flights, a light-weight, energy-absorbing, netting-type couch and re-
straint system was developed, and flight qualified. This system pro-
vides comfort and increased mobility for the couch occupant.

Couchcomponents, tests, and results are discussed in this report.

At the completion of the flight qualification program, the system
design and test data were presented to the Manager, Mercury Project, and
to the Assistant Director for _agineering and Development, N_annedSpace-
craft Center, and were accepted as a flight system to be used in place
of the hard couch for future Mercury flights. However, since the Mercury
program was terminated with the MA-9 flight, this system was not used.

INTRODUCTION

For long-duration flights using a Mercury spacecraft, it was neces-
sary to investigate the possibility of reducing the weight and size of
various spacecraft components. Reduction of weight and size of certain
componentswould then permit the use of the additional componentsman-
datory to increase the spacecraft capability for long-duration use.

Since the development of net couches for future spacecraft was under-

way, the investigations were directed toward their use in the Mercury

spacecraft. An evaluation of the deceleration transmission characteris-

tics of nylon and Dacron Raschel netting and Somyk fabric has been com-

pleted. This evaluation demonstrated the feasibility of Somyk fabric for

use as an energy-absorbing material. Somyk fabric is knitted from pre-

drawn nylon fibers, which will perform a molecular realinement at parti-

cular load inputs. This fabric was selected to be used in the development

of a net-couch system for use in the Mercury spacecraft and is discussed

in this report.

The proper linear tensile strengths of material, which would allow

uniform body movement within the available space envelope, were investi-

gated. From this investigation and from a study of the available space

envelope a combination of the Somyk fabric and Dacron Raschel netting



was found to be necessary to limit the displacement of the astronaut in
the Mercury spacecraft during impact loads.

An investigation of the restraint system to be used with the above
combination was also performed. Since the original Mercury restraint
system has been modified, it was felt that an improvementcould be made
by the use of the restraint harness developed for the U.S. Air Force B-70
escape capsule. The net combination used in the net couch and the
restraint system mentioned above are discussed in greater detail later
in this report.

The necessary framework and hardware were designed by membersof
the CrewEquil_nent Branch and fabricated by MannedSpacecraft Center
shops. A couch and restraint system was validated by a spacecraft water-
drop test program with the spacecraft in a single failure mode (landing-
bag up) after which a cc_plete flight qualification test program was
completed. During the validation and qualification programs, sustained
and impact acceleration tests and vibration tests were performed. The
couch occupant during the tests was an anthropomorphic dummyweighing
185 pounds. Accelerometers were mounted on the dummy'shead, chest, and
buttocks; and acceleration time histories of dummyresponse were
recorded.

The couch and restraint system wasman-rated for normal missions
with humansubjects at Wright-Patterson Air Force Base, Dayton, Ohio.
After the flight qualification program was completed, the system was
presented to the Manager, Mercury Project, and to the Assistant Director
for Engineering and Develo_nent, MannedSpacecraft Center. Uponthis
presentation, the complete couch and restraint system was accepted for
flight use.

SYMBOLSANDABBREVIATIONS

A
e

BY

C

EBD

EBI

2
Lateral area, in.

Horizontal direction towards feet

Diameter of pressure vessel opening, 5.6 in.

Eyeballs down, acceleration direction caused by force vector

from feet to head (Headward force)

Eyeballs in, acceleration direction caused by force vector

from back to chest (Transverse force)
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EBL

EBO

EBB

EBU

G
X

G
Y

G
z

h

LX

P

P
O

AP

RX

R 1

R 2

S

t 1

t 2

Z

Eyeballs left, acceleration direction caused by force vector

frcm left to right (Laterial force)

Eyeballs out, acceleration direction caused by force vector

from vector from chest to back (Transverse force)

Eyeballs right, acceleration direction caused by force vector

from right to left (lateral force)

Eyeballs up, acceleration direction caused by force vector

from head to feet (Tailward force)

Lateral acceleration

Longitudinal acceleration

Transverse acceleration

Height, in.

Horizontal direction to left

Pressure, lb/sq in.

Atmospheric pressure, 14.7 lb/sq in.

Pressure differential, lb/sq in.

Horizontal direction to right

Electrical resistance at initial (roam) temperature, ohms

Electrical resistance at final (flame) temperature, ohms

Surface area, sq in.

Horizontal direction towards feet

Initial (roam) temperature, °C

Final (flame) temperature, °C

Vertical direction taken fram some reference point in launch

vehicle



ohms
Temperature coefficient,

arc angle, deg

Surface tension on net, ib/in.

COUCHCOMPONENTS

CouchFrame

The primary considerations in designing the couch frame were weight
and adaptability to the Mercury spacecraft. The external size of the
couch frame was restricted to that of the original Mercury hard couch.

The internal dimensions were as large as possible to provide maximum

room for pilot comfort and maximum net area.

The material chosen for frame fabrication was 6061 aluminum alloy

heat treated after fabrication to a T6 condition. The frame is of tubu-

lar construction except in the area between the hips and shoulders. This

tubular cross section consists of three tubes with an outside diameter of

_inch and wall thickness of 0.065 inch. The tubes were arranged in aa

vertical row and connected with 0.093-inch-thick sheet webs. Two mount-

ing pads are located at the bottom (buttocks) end of the frame. The

side rails were rough-machined from stock before welding to the tubular

sections. These sections have a square cross section with a mount flange

extending upward to mate with the side-attaching brackets.

All fabrication was done in specially constructed jigs to control

warpage within acceptable tolerances. All welds were designed to develop

the full strength of the parent material and were accomplished by using

the Hell-Arc method of inert gas shielding. These welds were later

X-rayed to check for cracks and/or deficient welds.

Following fabrication, dimensional checks were made to insure that

the couch frame was within acceptable tolerances. The frame was then

installed in a heavy fixture to prevent warpage during heat treating and

was subjected to the following heat treatment:

(i) Anneal at 775 ° F for 2 hours

(2) Solution treatment at 990 ° F for 2 hours

(3) Harden at 350 ° F for 8 hours
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Lacing holes were drilled through the web of the tubular section

and the flange of the side rails. These holes have a 0.156-inch diameter

and are spaced at intervals of approximately _ inch. Each hole was

handworked to provide a smooth opening for the lacing cord to pass

through.

To remove surface scratches and finish marks, the two frames desig-

nated as flight items were vapor blasted by spraying all external surfaces

with a stream of high-pressure water to which a fine abrasive grit had

been added. This procedure produces a dull satin finish and cleans areas

that are not readily accessible by hand.

A spreader-bar assembly was then installed. This device aids in

keeping the couch frame dimensionally stable during shipment, net lacing,

and spacecraft installation. The spreader bar must be used because the

tension of a laced net causes a lateral deflection of about _ inch on

an unrestrained couch frame. Figure 1 shows the frame with spreader bar

in place, and figure 2 shows the frame with Somyk fabric laced into it.

Lateral Support Pads

The lateral support pads used in the net couch system were designed

to protect the couch occupant fr_n injuries resulting fr_n lateral or

longitudinal accelerations. Accelerations of this nature are normal and

result from a horizontal velocity due to wind drift and impact of the

spacecraft at an angle due to parachute swing and/or wave action. These

accelerations are of a very short duration and are not expected to exceed

30g under the worst ccmblnation of conditions. Therefore, the major

concern was to prevent the occupant from hitting any hard, uneven surfaces,

such as the couch frame itself.

The pads consist of a two-piece upper fairing fitted to the inside

contour of the couch frame and Joined at the shoulders. The lower end

is contoured for the buttocks and extends to the top of the spacecraft

couch-well structure, while the remaining areas serve mainly to cover

the couch frame and are faired into the couch-well structure along the

sides. An additional fairing under the couch in the buttocks area c_n-

pletes the pad installation.

The pads are of molded construction utilizing a filler of 5 lb/cu ft

urethane foam covered with a single layer of fiber-glass cloth. The

bonding agent is Epon 828 resin activated by Versamid 125. All materials

used in this construction had previously been approved for use in the

Mercury spacecraft.
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The upper pads are held in place by means of nylon ties which are

attached to the couch frame. The lower pad is attached to the couch

mounting bracket by means of two no. i0 screws.

Restraint Harness

Experience gained from previous Mercury space flights indicated

the Mercury knee restraints were not needed and would not be used for

MA-10 and the chest strap also had been made optional. Therefore,

the present mandatory restraint system consists of shoulder harness,

lap belt, and crotch V-strap. This system has the advantage of

rapid disconnect and egress but is less effective in terms of impact

protection. Furthermore, the use of the wide lap belt and the V-strap

limits the extent to which the astronaut can rise up in the couch with

the restraint system connected. The V-strap is required to prevent the

lap belt from riding up over the abdomen as the result of the upward

pull of the shoulder harness under EB0 acceleration.

It is felt that a substantial improvement was made to the Mercury

astronaut restraint system by replacing it with the restraint harness

developed for the Air Force B-70 escape capsule. This harness is manu-

factured by the Pacific Scientific Company, Anaheim, Calif., (Part Number

iii011520-0).

Net and Lacing

A cross section of the net body support is shown in figure 3. It

can be seen that the body support is made up of a layer of energy-

absorbing Somyk fabric between a top and bottom layer of nylon duck,

with a bottom layer of Dacron Raschel netting. The purpose of the Dacron

Raschel netting is to limit occupant displacement in the spacecraft and

act as a breakout layer when extreme acceleration forces are transmitted

through the spacecraft. After breakout of the Dacron Raschel layer, the

Somyk fabric begins its molecular realinement and energy absorption.

The purpose of the nylon duck is to allow the Somyk fabric to stretch

between 2 smooth surfaces. Somyk fabric is manufactured from predrawn

nylon fibers. The predrawn fibers are woven into cords and then knitted

in a loop patern into a net-type fabric which will start molecular re-

alinement at a particular tensile load. The net, as used in the Mercury

couch, has four sections that start the molecular realinement at various

tensile loads. The four different net sections have tensile strengths

which are dependent on the weight of the head and neck, shoulders, arms

and upper torso, pelvic area and the lower torso, thighs, legs, and feet.

The nets are fabricated to the internal size of the framework and

_-go-inch-diameter aircraft cable encased in the edge of the nethave a



around its periphery. The nets are assembled on the framework by hand

lacing around the aircraft cable and through the frame lacing holes.

The tension at which the net is assembled on the framework permits the

net to be drum-head tight when the assembly is complete. The lacing

cord used is a double strand, ll0-pound-test, nylon line and is tied

off at every sixth hole.

TEST PROCEDURES

Individual Component Tests

Sqmyk-net static-strength characteristics.- Somyk-net material

employed a method of knitting using a link and link stretch of predrawn

nylon cords. These cords are made from nylon fibers which have been

drawn at the m_nufacturers and still have some elongation qualities

left. As a comparision, the nylon strands which are used in the

manufacturer of clothing, parachutes, et cetera, have been completely

drawn and have no elongation qualities left.

The basic yarn was braided on specially designed machinery in a

solid fashion and in such a manner that there is no center hole. This

is required to produce instantaneous response to impact loads. It was

also necessary to completely hand test this braid for knots and other

defects. It was essential that constant quality control was applied over

this phase of the operation. Static-strength tests of the individual

Somyk cords used to fabricate the various sections of the Somyk net

were conducted on an Instron testing machine. Force-deflection curves

obtained during these tests are presented in figure 4. The following

average results of ten tests were obtained:

Net section

Head

Shoulder

Pelvic

Buttocks

Load at Stretching

point - ibs

3.0

3.7

4.6

5._

Load at breaking -

point :,ibs

8.25

ii.i

12.8

Elongation,

percent

2o3

21_

2O6

20D
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A method was devised of checking the manufacture's approximate

specification which were determined from data utilizing a commercial

knitters' fabric tester. The Crew Equipment Branch's test tecfanique

consisted of mounting a section of the Somyk net in a small pressure

vessel. One side of the fabric was held at atmospheric pressure while

the pressure on the opposite side was increased internal forces. The

pressure vessel test equipment is indicated in figu_'e 5. The test set-

up with the net in the inflated position is shown in figure 6. This

method of testing is believed to produce more accurate results than

those produced by the manufacturer's approximation. The data obtained

by using both methods are compared _n _e table on _he following page.



Section

Head

Shoulders

Buttock

Crew Equil_nent Branch Data

Force/Unit Length
at Stretch Point

ib/in.

Force/Unit Length
at Breaking Point

Ib/in.

24.6 35.8

36. i 47.2

56.1 63.3

Manufacturers Data

Force/Unit Length--
at Stretch Point

lb/in.

20 to 22

35 to 37

4o to 42

Approximate Difference

Between C.E.B. Data

and Manufacturers

Data Percent

ii

0

25

The calculations used in deriving these data are presented in the

appendix, and the force-deflection curves are presented in figure 7-

The differences obtained between the manufacturer's and Manned

Spacecraft Center stretch points are due primarily to the methods in

testing the net material. It is felt that the method of the manu-

facturers has been improved upon by Crew Systems Division personnel

in the form of the pressure tests previously described.
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Tables I to III showthe test data taken during the pressure tests and
the results of the calculations for each section of the M IV Somyknet.

Somyk net flame characteristics.- Flame-point tests were conducted

using the setup shown in figure 8 to determine the flame point of the

combination of fabric used in the net couch. A sample cross section

was put into a small altitude chamber and evacuated. When this was ac-

complished, oxygen was released until atmospheric pressure was attained.

Voltage was then applied to a nichrome wire which was woven through the

sample net. The voltage was increased at regular intervals, and record-

ings of the voltage and amperage were taken. This process was followed

until the net burst into flame. Once the voltage and amperage at this

point is known, the resistance can be calculated. From the resistance

the flame temperature, t2, can be obtained in °C by the formula,

R2 = RI [I + _ (t2 - tl)1

Using this formula, the flame temperature of the net couch was calculated

to be 727 ° F.

B-70 restraint harness.- Since the B-70 harness is an "off-the-shelf"

item and has been tested by the manufacturer to meet U.S. Air Force speci-

fications of ultimate loads, functional reliability, and environmental

suitability, additional testing was conducted with the harness integrated

with the net couch and with the Mercury hard couch for a limited number

of tests to obtain control or comparison data. Additional tests

conducted included:

(i) Ingress and egress tests

(2) Comfort tests

(3) Sustained acceleration tests with human subjects on the Johns-

ville Centrifuge to acceleration loads of 9g in the EBO direction.

The results of these tests are presented as advantages and disadvan-

tages of the B-70 harness as compared with the Mercury restraint
harness.

The advantages of the B-70 harness are as follows:

(i) The harness provides superior impact protection, including the

equivalent of a chest strap in terms of impact load distribution onto the

body.

(2) The use of a separate lap belt eliminates the necessity for the

V-strap.
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(3) The subjective opinion of subjects restrained in a Mercury
couch by the two systems is that the B-70 harness is more comfortable
than the present system.

(4) With a subject in the complete pressure suit, the B-70 harness
allowed greater mobility at the waist because of the lower position of
the lap belt.

(5) The B-70 harness weighs 2.7 pounds comparedwith 3.7 pounds
for the lap belt, shoulder harness_ and V-strap of the present system.

(6) With a subject in a Mercury pressure suit venting at i0 cu
ft/min, the cinched downB-70 harness produced an increase in pressure
drop through the suit of 0.5 inch of water comparedwith O.7 inch of
water for the present system. These amounts are in addition to a pres-
sure drop of 2.2 inches of water for the subject in the couch with no
restraint.

(7) If the astronaut disconnects the restraint harness in orbit,
the B-70 harness will be mucheasier to reconnect than the present system.

(8) Since the lap belt and shoulder straps may be released sep-
arately, the shoulder straps maybe released and the lap belt maybe
left as a minimal restraint device.

(9) This harness has been developed and tested to meet very de-
manding U.S. Air Force specifications of ultimate loads, functional
reliability, and environmental suitability. It is an "off-the-shelf"
item. It maybe fitted to the Mercury couch very easily by two simple
steps: The shoulder straps are threaded through the present shoulder
harness adjustment buckles; the lap-belt device is adapted to the pre-
sent attachments by meansof a short strip of steel twisted 90o from

i
end to end and drilled at each end to receive _ -inch diameter bolts.

Disadvantages of B-70 harness are as follows:

(i) Since the shoulder straps remain connected to the lap-belt-
attachment devices after the harness is disconnected, the astronaut must
release the take-up reels and bring his arms under the straps before
egressing. This procedure results in an additional 2 seconds of total
egress time. Egress tests were run for both types of restraint systems
with four subjects in street clothes and one subject in a Mercury
pressure suit. The "egress" times were measured from the starting
position with the subjects' hands on the control sticks to the end-point
position with the subjects' replaced on the control sticks, the harness
completely disengaged, and the subject ready to pull himself up out of
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the couch. A standard procedure was developed for disconnecting system.
The subjects were allowed to practice these procedures several times
before time measurementswere made. With the B-70 harness, the average
disconnect time was 2.9 seconds for the subjects in street clothes and
3.0 seconds for the subject in the pressure suit. With the lap-belt,
shoulder-harness, V-strap system, the average disconnect time was
1.07 seconds for the subjects in street clothes and 1.08 seconds for
the subject in the pressure suit. The subjects were requested to per-
form the disconnect maneuveras rapidly as possible, to attempt to beat
their own time. Therefore these figures are probably close to the mini-
mumtimes for most highly motivated subjects. Dueto the unavailability
of spacecraft, tests were not conducted at the MannedSpacecraft Center.
Whether an increase in egress time of 2 seconds is prohibitive is not
known, but this disadvantage should be weighed against the advantages
cited for the B-70 harness.

(2) A secondpossible disadvantage of the B-70 harness appears
whenthe restrained subject is in a pressurized suit. At a suit of
over 2 psi, the folds in the inflated suit (over the abdomen)press
downover the lap-belt release and makeit difficult to actuate. Since
it is very unlikely that the astornaut will need to release the lap
belt while his suit is pressurized, this limitation does not seemto
be a consideration.

Manyof the advantages and disadvantages of the B-70 harness would
be applicable whenused with the net body support. Since the spacecraft
attachment points for the harness are the samewith both couch systems,
t_e B-70 harness was used in conjunction with the net couch. Photographs
of the B-70 restraint harness assembled in the net couch and a Mercury
hard couch are presented in figures 9 and i0, respectively.

CompleteSystemTests

Instrumentation.- Throughout all impact tests, accelerometers were

located in the dummy and on the spacecraft as shown in figure ii. Three-

directional acceleration time histories were measured at the four loca-

tions and recorded. Couch-frame input acceleration time histories were

measured without a dummy in the couch and were used as couch-input cri-

terion. Figure 12 shows the position of the couch frame when installed

in the spacecraft or test fixtures and the available space between the

couch frame and the spacecraft inner pressure bulkhead.

To obtain the dynamic forces on and shortly after impact, CEC ac-

celerometers of the four-active-arm strain-gage type were used. These

accelerometers were used in conjunction with wide-band and differential

amplifiers, both of which were included in the instrumentation system.

The outputs of these amplifiers were passed through low-pass filters to
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limit the frequency response to either Ii0 or 150 cps, whichever was

the most practical cutoff point depending on conditions and locations of

tests. The waveforms were then recorded with CEC-type 5-144 oscillo-

graphs. The general setup used for instrumentation during the spacecraft

water-drop tests and vibration tests is shown in figure 13.

Sustained acceleration and preloading.- All sustained acceleration

testing and system preloading were conducted at the Aviation Medical

Acceleration Laboratory, Naval Air Development Center, Johnsville, Pa.

Human subjects (185 lb and 210 lb) and anthropomorphic dummies (185 lb)

were used as couch occupants. Body displacements were measured at the

head, back, and buttocks of the couch occupants. The couch and restraint

system were preloaded to the simulated Atlas launch and spacecraft re-

entry profiles and simulated pad-abort profiles by producing the accel-

eration time history for the above mentioned on the midarm sling of the

AMAL centrifuge. The general setup for these test consisted of a fix-

ture simulating the lower pressure bulkhead below the astronaut in the

spacecraft with the net couch installed and mounted on the AMAL midarm

sling as shown in figures 14 and 15. The tests in which the launch and

reentry profiles were used for preloading produced a maximum body dis-

placement of 2.0 inches. When the tests were completed, the couch occu-

pant returned to within 0.5 inch of his lg normal position. A displacement

of 2.75 inches was recorded when preloading of a simulated pad-abort pro-

file of 20g was applied with a return to within 0.75 inch of the normal

lg position.

Vibration.- The objectives of the vibration tests were to qualify

the net couches by checking the structural integrity of both the net

material (Somyk fabric) and the couch frame. In addition, information

pertaining to the response of a couch occupant subjected to vibration
was desired. This information was obtained by monitoring the response

of an anthropomorphic dummy restrained in the net couch. The dummy was

dressed in a pressure suit for one of the tests.

The tests were conducted at N_nned Spacecraft Center. Excitation

of the net couch and occupant in each of three mutually perpendicular

axes was accomplished individually by means of a Ling 275 electrodyuamic

shaker and two Ling 510 thrusters (electrodynmic shaker) in a push-pull

array in conjunction with an oil-film slip table. An accelerometer
mounted on the exciter table served as a control for the displacement

and acceleration inputs to %he vibration exciters.



Five net couches, with occupants, were subjected to the following
sinusoidal vibration environment in each of three mutually perpendicular
axes:

Vibration, cps

5 to 14
14 to i00

i00 to 500
500 to 2,000

2,000 to 500
500 to i00
!00 to 14
14 to 5

Loading

±0.3-inch double displacement
_3.0g
±5.0g
±!0. Og
±lO.0g
±5. Og

±3.0g

±O. 5-inch double displacement

The total sweep time in each axis was 15 minutes.

Visual examination of the net couch after testing revealed no

failures of netting or frame construction. Response vibration levels

experienced by the dummy restrained in the couch are presented in the

data-presentation section of this report. Figure 16 shows the general

setup during vibration tests.

S/0acecraft water drops.- The spacecraft water drops for the quali-

fication program of the Mercury net couch were conducted at Kemah,

Texas.

Thirteen drops were made in this phase of the qualification program.

The conditions under which these drops were made are listed in table IV.

For these drops, Mercury spacecraft 5was used. The net seat and

attachment hardware were installed into spacecraft 5, and the space-

craft was dropped at an impact velocity of 50 fps. Clay was spread on

the spacecraft inner pressure bulkhead under the couch to determine if

the subject bottomed against these sections upon impact. The high

temperature drop was made at the request of the Mercury project office

to see if the interior heat of the spacecraft at reentry would have

any effect on the net couch. Hot air was pumped into the spacecraft

until the interior air temperature was that of the spacecraft at reentry.

Due to instrumentation difficulties occuring during the drop test no

valid load data was able to be obtained. The drops were made from a

crane.

An anthropomorphic dtmmly, dressed in a Mercury suit and weighting

18D pounds, was used as the couch occupant in these tests. Photographic

coverage of these drops was obtained by three different cameras. One

onboard camera and one outboard camera took photographs at 400 frames
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per second, and one outboard camera took photographs at 45 frames per

second. Still photographs were also taken of the net couch in the

spacecraft before and after each drop. Photographs of the general

dockside setup and internal spacecraft arrangement are shown in

figures 17 and 18, respectively.

PRESENTATION OF DATA

Comparisons between couch-frame input acceleration time histories

and maximum dummy response derived from water-impact tests under various

conditions are presented in figure 20. Data from single-failure

(landing-bag up) drop tests are shown in figures 20A to 20C. Figures

Figures 20D to 20F present data derived from normal (landing-bag down)

vertical drop tests. Data recorded from single-failure (landing-bag

up) water-drop tests with the couch occupant's head up 27 °, head

down 27 °, and side down 27 °, are presented in figures 20G to 201. The

spacecraft drop tests were conducted with variations in net preloading,

vibration testing, and spacecraft-impact angle. The results of the

vibration tests are shown in figure 21.

Samplings of the dummy response data recorded during the vibration

tests are presented in figures 28 to 30. Accumulated data from human

drop tests conducted at Aeronautical Systems Division, Wright-Patterson

Air Force Base, Dayton, Ohio, to man-rate the net couch and restraint

system for normal missions are presented in table V. This data shows

the impact loads and the loads transmitted to the man. Even though

this data shows amplification of the impact loads, the loads transmitted

to the subject are well within acceptable tolerance levels. No

amplification of the loads occur at peak loading conditions as can be

seen from the recordings of the dummy response data previously mentioned.

CONCLUDING R_gARKB

The net couch and restraint system has been subjected to sustained

acceleration, vibration, and impact tests, with both human subjects

and a 185-pound dummy. The tests in which human subjects were used

"man-rated" the net-couch system for the normal mission impact-bag-

down water-landing and also for the bag-down land-landing. The

probably acceptability of the impact-bag-up water-landing (a single-

failure mode) was determined fran the dummy drop tests outlined below.

The B-70 restraint harness has definite advantages over the present

Mercury restraint system in respect to impact protection, comfort
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mobility, weight, suit-vent back pressure, versatility, and ease of
reconnection. It is an "off-the-shelf" item and can be mated to the

original Mercury harness attachment points very quickly. However, the

B-70harness requires about 2 seconds more to disconnect than the pre-

sent system, and the lap belt can be released only with difficulty when

the suit is inflated to above 2 psi.

A total of 22 drop tests were conducted using a 185-pound dummy

or human subjects on the net couch. Five additional tests were made

using the present Mercury rigid couch to obtain a comparison between

it and the net couch. These tests may be divided into three categories:

i. Net couch drops on water using anthropomorphic dummy.

2. Rigid couch drops on water and on the CSD drop tower.

3, Net couch drops on the Wright-Patterson Air Force Base drop
tower.

a° Twelve drop were made at Clear Lake with the net couch

installed in Spacecraft 5. The occupant was a 185 pound

dummy. The impact velocity for each of these tests was

approximately 30 feet per second. The following tabulation

is the result of these drops.

Dummy Orientation

(Spacecraft impact angle)

0 ° - vertical drop

Number Maximum

of Drops Forward Acting

Force on Dummy

g

7 35

Head down approximately 27 ° 2 29

Head up approximately 27 ° 2 16

Side down approximately 27 ° i 24

The lateral, headward and tailward forces accompanying these

forward acting forces all appear to be within acceptable limits.

implications of these drops are discussed later.

The

b, Four drops were made at Clear Lake, using the Mercury

hard couch in place of the net couch, in order that the

accentuations on the dummy could be compared with those

gathered on the net couch for the respective drops. The
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honeycomb used for these drops was taken from either a

back-up spacecraft or from storage. During the water drops,

although the impact velocity was 30 feet per second the

honeycomb did not crush. This is felt to be due to the

fact that only 20 feet per second velocity is taken out

by the spacecraft going under water slowly. To test this

assumption a drop was made on the CSD drop tower in such

a manner that the full 30 feet per second would be taken

out during the initial impact and in this case the honey-

comb did crush 2 inches. In general, these tests indicate

that the net couch takes out the initial high spike that is

characteristic of honeycomb attenuation. The acceleration

levels measured on the dummy on the net couch were consis-

tently lower than the accelerations measured during the

drops on the rigid system, all other conditions being the

s_ne.

C. Eight drops were made on the Wright Patterson Air Force

Base drop tower using human subject and the net couch.

Beginning at very low levels, W-P worked up to 19g, 20 feet

per second level.

Based on the g versus time histories of the impact of the Mercury

spacecraft, there are these general situations that must be considered

in evaluating the net couch and restraint system.

i. Normal mission: (Impact-bag-down water landing and impact-bag-

down land landing. ) The net couch has been man-rated by the

human drops at Wright Patterson Air Force Base, Dayton, Ohio,
for both of these cases.

. Single failure mode: (Impact-bag-up water landing. ) Based on

the dummy drops conducted at Clear Iake, it is felt that the

occupant will not bottom out and that if an injury were to be

sustained it would be minor.

. Double failure mode outside mission requirements: (Impact-bag-

up land landing.) The last drop in the test series was to help

define this condition. The d_ bottomed onto the inner pres-

sure bulkhead and dummy responses recorded indicated high spike-

type accelerations. Under these conditions injury would occur.
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APPENDIX

l,

Assumptions For Static Net Tests

A unit area of net is rigidly attached on two sides, and a

unit force is applied to the free sides.

c p

2. The net during expansion has the shape of a portion of a sphere

and at its breaking point the net has the shape of a sphere.

s =_ (2)
150

r =_ C2 + (r-h) 2

c (r-h) (4)
tan e =

Since:

ZF=O

The re fore :

(l_ef. l) (3)

S

r

PA z = PoAz + 2_S (5)
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Solving for _, and using P-P
O

= 2_, then

combining with (I)

Az_ (6)
2S

_rh2_ (7)
S

combining with (3) and (2)

combining with (4)

= _ (8)

o-= _0 h_P
tan-1 [ 4oh 4h2_

!

(9)

Tables I to III show the test data taken during the pressure tests

and the results of the calculations for each section of the Somyk net.
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Figure i.- Couch frame with spreader bar attached.
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Force vs. Percent Deflection

Average Curve from Test Runs

4-25-63

Somyk Cord From

Buttock Section

_Pelvic Section
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QHead Section

r Figure 4.- Force-deflection curves of different Somyk cords used throughout netting.
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Force/Unit Length vs.

Deflection

Somyk Net

(_ Head Section

/_ Shoulder Section

Buttock Section

z
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Figure T_- Force-deflectlon curves of different strength nettings used.
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Impact Velocity = 30 feet per second

Spacecraft Weight = 2,4_0 pounds

Dtunmy Weight = 18_ pounds

Figure 19.- Net couch qualification test criterion

for spacecraft water drops
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(a)

Bo Bag-up drop; preloaded to Mercury pad-abort

acceleration profile; nets not used in prior

vibration test; impact angle 0 °

Figure 20B.- Capsule water drop tests; comparison of spacecraft

and couch occupant acceleration-time histories.

EBI and EBO accelerations.
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Figure 20B.- Continued
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Bag-updrop; preloadedto Mercurypad-abort
accelerationprofile; nets not usedin
vibration test; impact angle 0 _
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(c) EBR and EBL accelerations.

Figure 20B.- Concluded
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(b)

C°

EBU and EBD accelerations.

Figure 20C.- Concluded
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; preloaded to Atlas launch

and Mercury reentry acceleration profile;

net not used in prior vibration test;
an_l_ 0 °
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EBI and EBO accelerations

Figure 20D.- Capsule water drop tests; comparison of spacecraft
and couch occupant acceleration-time histories.
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Bag-down drop; preloaded to Atlas laumch

and Mercury reentry profile; net used in

0 oprior vibration test; impact an_le

UT_

::T

?

(a) E_ and EBO accelerations.

Figure 20E.- _apsule water drop tests; comparison of spacecraft

and couch Occupant acceleration-time histories.
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-;i, _ and Mercury reentry profile; net used in

_i ] I I_iijii ! iT_iI_li[_]_ prior vibration test; impact angle 0 °_-_-_!lli: _ _t__I_t__! __'_ _:_ _:_it!

......... _.....
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(b) EBU and EBD accelerations.

Figure 20E.- Continued
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(c) EBR and EBL accelerations.

Figure 20E.- Concluded
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i:!iil
Bag-down drop; preloaded to Mercury pad _'

abort acceleration pro#ile; net not used : '

in prior vibration test; _mpact angle 0 °

(a) EB! and EBO accelerations.

Figure 2OF.- Capsule water drop tests; comparison of spacecraft

and couch occupant acceleration-time histories.
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iiiii!!r!!

(b) EBU and EBD accelerations.

Figure 2OF.- Continued
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(c) EBR and EBL accelerations.

Figure 2OF.- Concluded
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Bag-up drop; preloaded to Atlas launch and|

Mercury reentry profile; net not used in |

prlor vibration test; impact angle 27 _ |

head up
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(a) EBI and EBO accelerations.

Figure 2OG.- Capsule water drop tests; comparison of spacecraft

and couch occupant acceleration-time histories.
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Bag-up drop; preloaded to Atlas launch and

Mercury reentry profile; net not used in

prior vibration test; impact angle 27 °

head up

EBU and EBD accelerations.

Figure 20G.- Continued
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G.

(c) EBR and EBL accelerations.

Figure 20G.- Concluded



B_

H° Bag-up drop; preloaded to Atlas launch and

Mercury reentry acceleration profile; net not

used in prior vibration tests; impact angle
27 ° head down

(a) EBI and EBO accelerations.

Figure 2OH.- Capsule water drop tests; comparison oT spacecraft

and couch occupant acceleration-time h_stories.
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(b) EBU and EBD accelerations.

Figure 2OH.- Comtinued
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(c) EBR and EBL acceleratioms.

Bag-up drop; preloaded to Atlas launch and

Mercury reentry acceleration profile; net not

used in prior vibration tests; impact angle
27 ° head down

Figure 2OH.- Concluded
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I

(a) EBI and EB0 accelerations.

Figure 201.- Capsule water drop tests; comparison of spacecraft

and couch occupant acceleration-time histories.
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Bag-up drop; Dr{ ]oadc,d to Atlas lau_ch and

Mercury r_entry accel,:,rat!on profile; net :

not used in :prior v_bration test_ impact
angle 27 ° side down

!:' Im _ _- ........ j

:,. _ i i I , |::, _ -b-i -;;

EBU and EBD accelerations

Figure 20Z,- Continued
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(c) EBR and EBL accelerations.

Figure 201.- Concluded
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